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FOREWORD 


This  report  was  prepared  by  the  University  of  Brussels, 
Belgium,  under  USAF  Contract  No.  AF6l(052)-225.  The  contract 
was  initiated  under  Project  No.  7350,  "Refractory  Inorganic  Non- 
Metallic  Materials,"  Task  No.  735001,  "Non-graphltic."  The  work 
was  administered  under  the  direction  of  the  Air  Force  Materials 
laboratory.  Deputy  Commander/Research  and  Engineering,  Aero¬ 
nautical  Systems  Division,  Kright-Patterson  Air  Force  Base,  Ohio. 
Mr.  F.  W.  Vahldiek  vae  the  project  engineer. 

This  report  covers  work  done  from  Apri l  to  April  19^3* 
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ABSTRACT 


Thermodynamic  equations  characterizing  the  chemical  stability 
of  heteronuclear  diatomic  molecules  AB  are  presented.  These 
equations  permit  one  to  predict  the  conditions  in  which  yet  unknown 
molecules  can  be  observed.  The  chemical  stability  of  the  transi¬ 
tion  element  chalcogenides  is  discussed. 

A  similarity  in  trend  of  the  heat  of  vaporization  of  transition 
elements,  the  lattice  energy  and  the  dissociation  energy  of  their 
chalcogenides  is  pointed  out.  AB  molecules  can  be  classified  in 
groups  for  which  the  value  of  the  ratio 

<X-  4H-/\t.AB-oliJ/D-  (AB) 

is  characteristic.  This  parameter  is  important  for  predicting  the 
chemical  stability  and  available  values  are  reviewed. 


This  technical  documentary  report  has  been  reviewed  and  is  approved. 
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INTRODUCTION 


The  object  of  the  present  paper  is  to  extend  to 
heteronuclear  diatomic  molecules,  symbolized  by  AB,  con¬ 
siderations  previously  given  for  homonuclear  diatomic  mole¬ 
cules  In  addition  to  the  usual  concept  of  the  stabi¬ 

lity  of  a  given  diatomic  molecule,  i.e.,its  dissociation 
energy,  which  is  a  measure  of  the  bond  strength  of  this  mole¬ 
cule  and  which  was  called  the  "physical  stability”,  a  "che¬ 
mical  stability"  was  defined  which  is  related  to  the  pos¬ 
sibility  of  observing  this  molecule.  For  homonuclear  dia¬ 
tomic  molecules,  the  chemical  stability  was  defined  as  a 
free  energy  change  which  gives  a  measure  of  the  relative 
concentration  of  diatomic  to  monoatomic  species  in  thermo¬ 
dynamic  equilibrium  with  the  solid  or  liquid  phase.  This  che¬ 


mical  stability  was  shown  to  depend  on  the  parameter 
a  =  AH° ( vap. M J /D° <M2 ) ,  which  was  correlated  with  the  electro¬ 
nic  structure  of  the  ground  state  of  the  free  atom  and  the 

atomic  number;  AH°{vap.M)  is  the  heat  of  vaporization  of  the 
.  .  o 

monoatomic  species  and  D0(M2>  the  dissociation  energy  of  the 

diatomic  molecule.  Further,  for  the  transition  elements  a 

.  .  0 

correlation  was  given  between  AH0(vap.Mj  and  the  excitation 


energy  of  the  free  atom  to  well  defined  low  lying  electronic 


states 


(1,2  ) 


In  this  paper,  the  chemical  stability  of  AB  mole¬ 


cules  will  be  defined  and  again  special  focus  will  be  put 
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on  certain  molecules  of  the  transition  elements.  It  has  been 
pointed  out  by  Krikorian  that  the  bonding  energies  of 
solid  carbides,  silicides,  nitrides  and  oxides  of  the  tran¬ 
sition  elements  follow  a  trend  similar  to  that  of  the  heats 
of  vaporization  of  the  elements.  It  is  shown  here  that  this  is 
also  the  case  for  gaseous  monoxides  of  the  transition  ele¬ 
ments.  Finally  a  parameter  a  =  AH°(at.AB)/D°(AB)  similar 
to  the  one  defined  previously  for  homonuclear  diatomic  mole¬ 
cules  appears  to  be  important  for  the  classification  of  the 
chemical  stability  of  AB  molecules;  AH  (at.ABJ  is  the  energy 
required  to  transform  one  half  molecule  gram  of  solid  AB 
compound  into  atoms  and  D° (AB )  the  dissociation  energy  of 
the  gaseous  AB  molecule.  The  available  a  values  are  reviewed. 

THE  CHEMICAL  STABILITY  OF  AB  MOLECULES. 

In  the  case  of  homonuclear  diatomic  molecules,  the 
highest  concentration  of  M2  molecules  relative  to  M  atoms 
is  obtained  in  the  saturated  vapor.  It  was  therefore  pro¬ 
posed  to  define  the  "chemical  stability"  of  M2  molecules 
as  the  free  energy  change  AG°  corresponding  to  the  equi¬ 
librium 

M  +  (m]  Z  M2 

AG°=-RTlnp(M)/p(M2 )=D°(M2 )-AH°(vap.Mj-TA{-GS-H°/T) > 

0  0  {(m)+m-m2j 

=  AH°f  vap.Ml{  (l-a)/ct}-TA{-(G°-H°/T)  } 

0  T  0  {(M]+M-M2 
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Square  bracketts  (}  denote  the  condensed  phase,  symbols  with¬ 
out  bracketts  are  used  for  gaseous  species.  In  a  similar  manner 
it  is  now  proposed  that  the  chemical  stability  of  a  hetero- 
nuclear  diatomic  molecule  be  defined  as  some  measure  of  the 
concentration  of  AB  molecules  above  condensed  (ABj  relative 
to  the  most  abundant  of  the  other  gaseous  species.  Therefore 
its  definition  will  depend  on  the  vaporization  process  of 
(ABj.  In  addition  to  the  process  leading  to  AB  molecules 
(ABj  t  AB  (0) 


four  other  processes  will  be  considered 


(ABj  J  A  +  B  (1) 
(ABJ  *  (A]  +  B  (2) 
(AB)  Z  A  +  1/2  B2  (3) 
(ABj  t  (Aj  +  1/2  B2  C 4 ) 


Besides  these  four  processes  a  comprehensive  list  should 


comprise  numerous  other  modes  of  vaporization  such  as  the 
formation  of  stoichiometric  or  non-stoichiometric  solid  com¬ 
pounds  A^By,  solutions  or  alloys;  solids  andliquids  should 
be  distinguished;  higher  polymeric  species  than  B2  and  AB 
as  well  as  gaseous  molecules  AxBy  should  also  be  considered. 

The  detailed  discussion  of  these  cases  will  not  be  given  as 
the  relevant  equations  may  be  found  easily  asing  the  same 
principles  as  applied  here. 

For  the  simplest  decomposition  process  (process(l) ) , 
the  chemical  stability  of  AB  is  obtained  by  combining  reactions 
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(0)  and  (1)  yielding  the  evaporation  equilibrium 
AB  t  1/2 (  AB J  +  1/2  A  +  1/2  B 

for  which  the  free  energy  change  given  in  Table  I  is  related 

to  the  relative  abundance  of  AB  molecules  and  is  taken  as 

its  chemical  stability.  A  similar  treatment  of  processes 

(2),  (3)  and  (4)  lead  to  the  evaporation  equilibria  and 

chemical  stabilities  given  in  Table  I.  As  the  change  in 

free  energy  function  -{(G°-H°)/T)  in  all  the  evaporation 

equilibria  is  not  very  considerable,  the  chemical  stability 

is  mainly  determined  by  the  enthalpy  change  (except  at  very 

high  temperature).  Further,  Table  I  (enthalpy  conditions) 

gives  the  conditions  for  the  predominance  of  respectively 

process  2,  3  or  4  compared  to  process  1,  using  for  the  sake 

of  simplicity  in  the  table,  again  the  approximation  which 

consists  in  neglecting  the  entropy  term.  Thus  the  condition 

AH° ( 1.'.  2  )  =  AH°(  vap.  A J-AH°  [ at .  AB  I  >0  means  that  process  (2)  is 
o  o  o 

predominant  compared  to  (1);  the  condition  aH°(1.*.  3)  = 

D° ( B? )-AH° ( at . AB J >0 ,  that  process  (3)  is  predominant  compared 
to  (1),  and  so  forth,  or  vice  versa  if  the  corresponding 
AH<0.  Further  due  to  these  conditions,  the  chemical  stability 
for  a  given  AH°(1)  value  is  the  largest  for  process  (1)  and 
the  smallest  for  process  (4). 

A  distinction,  important  in  practice  for  heteroge¬ 
nous  equilibria,  results  from  the  predominance  of  the  enthalpy 
terms  in  AG°(1),  (2),  (3)  and  (4).  If  the  corresponding  AH>0 
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high  concentrations  of  AB  will  be  found  at  low  temperatures 
and,  as  in  homogeneous  dissociation  equilibria,  the  relative 
concentration  of  AB  will  decrease  with  increasing  tempera¬ 
ture.  For  AH>0  the  concentration  will  be  low  at  low  tempe¬ 
rature  and  will  increase  with  temperature,  as  has  already 

/  It ) 

been  pointed  out  for  dimers  of  halides  by  Brewer  and  for 
homonuclear  diatomic  molecules ^ 1 ^ .  The  former  mav  be  called 
"low  temperature  molecules" ,  the  latter  "high  temperature 
molecules" .  For  homonuclear  diatomic  molecules  the  distinc¬ 
tion  appears  as  o<l  or  a>l.  For  heteronuclear  molecules  in 
case  1  (Table  I),  AH°(1)  =  AH° ( at . AB J ( 1- a ) / a  and  the  two 
types  of  molecules  are  distinguished  in  the  same  manner.  For 
cases  2-4  if  a>l,  AB  is  also  necessarily  a  high  temperature 
molecule;  AH°(2)  or  (3)  or  (4)  may  however  be  smaller  than  0 

even  if  a<l ( Ah0 ( 1 ) >0 ) . 

o 

A  simple  and  useful  approximation  and  a  satisfactory 
general  picture  of  the  chemical  stability^ i. e of  the  expe¬ 
rimental  possibilities  of  observing  a  given  molecule^ is  ob¬ 
tained  from  a  plot  of  AH0 ( at . AB J , AH° ( vap. A J ,  D°(B2)  and 
D°(AB)  as  shown  as  an  example  in  fig.l  to  4,  for  the  first 
row  of  transition  element  oxides,  sulfides,  selenides  and 
tellurides.  Of  course  free  energy  plots  give  a  more  accurate 
picture  and  the  exact  concentration  ratios;  in  that  case 
however  sets  of  plots  for  each  temperature  would  be  necessary. 

Since  the  reduction  to  0°K  is  uncertain  in  many 
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cases  the  practically  equivalent  values  for  298°K  are  given. 
Also  the  D°(A3)  values  even  for  gaseous  oxides  are  not  all 
as  reliable  and  accurate  as  would  be  desired.  For  the  pur¬ 
pose  of  this  paper  an  estimation  of  D°(AB)  values  for  some 
transition  elements  chalcogenides  was  made  on  the  basis  of 
a  parallel  trend  in  D°  values  for  oxides,  sulfides,  selenides 
and  tellurides. 

Where  the  AH°(at.ABj  curve^Pig. 1-4  lies  above  the 
All°(  vap.  AB  J  and  D°(B2>  curve  process  (1)  occurs  rather  than 
(2),  (3)  or  (4),  and  this  is,  as  easily  seen,  most  favorable 
for  observing  gaseous  AB  molecules.  Therefore  for  gaseous 
oxides  of  Sc,  Ti  and  V  the  relative  concentrations  will  be 
highest;  those  of  Ca,  Cr  and  Mn  are  considerably  less  stable 
partly  due  to  the  fact  that  the  dissociation  equilibrium  of 
oxygen  is  shifted  towards  02.  A  relatively  favorable  situa¬ 
tion  was  expected  for  CaS  and  MnS,  due  to  the  low  value  of 
AH0 l vap. A J ;  this  was  confirmed  by  a  mass  spectrometric  study 
TiS^7^  has  also  been  observed.  It  would  be  of  inter¬ 
est  to  check  the  presence  of  ScS  and  VS.  For  the  selenides 
and  tellurides,  the  chemical  stability  is  usually  very  low. 

It  seems  very  improbable  that  the  gaseous  molecules  can  be 
observed  with  the  methods  presently  available,  except  perhaps 

CaSe,  CaTe,  ScSe ,  ScTe  and  MnSe.  The  gaseous  group  IVB-group 

(14  ) 

VI  molecules  are  stable 
B 

Representation  similar  to  fig.l  to  4  can  easily  be  made  for 
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other  groups  of  compounds.  Heats  of  vaporization  are  reaso¬ 
nably  well  known  for  all  elements,  as  well  as  the  dissocia¬ 
tion  energies  of  homonuclear  diatomic  molecules  B^ ,  as  far 
as  their  presence  has  to  be  considered  here.  Standard  heats 
of  formation  for  many  simple  compounds  are  known,  making 
data  on  AH°(at.ABj  available  in  many  cases. 

It  is  also  easy  to  see  from  such  representations 
that  in  some  instances  conditions  for  studying  given  types 
of  molecules  may  be  improved  by  changing  the  activity  of  a 
component  by  forming  an  alloy  or  by  maintaining  gaseous  com¬ 
ponents  at  pressures  different  of  the  equilibrium  decompo¬ 
sition  pressure  (oxidizing  or  reducing  conditions). 

THE  PHYSICAL  STABILITY  OF  TRANSITION  ELEMENT  OXIDES. 

The  similarity  in  trend  of  the  heat  of  vaporization 
of  transition  elements,  of  the  heat  of  atomization  of  the 
solid  AB  compounds  and  the  dissociation  energies  of  the  ga¬ 
seous  oxides  appeared  in  figs.l  to  4.  On  the  other  hand,  the 
highly  irregular  trend  of  the  heats  of  vaporization  of  tran¬ 
sition  elements  especially  in  the  first  transition  period 

•  .  o ) 

disappears  and  a  practically  smooth  curve  is  obtained  * 

from  Ca  to  Cu  if,  instead  of  the  heat  of  vaporization  to  atoms 
in  the  ground  state,  the  heat  of  vaporization  to  a  promoted 
configuration  is  represented.  This  promoted  configuration 
includes  dn,  dn“'*'s  and  dn-^sp  states  where  D  is  the  diffe¬ 
rence  between  the  atomic  number  Z  of  the  element  and  the 
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atomic  number  of  the  preceding  rare  gas.  Therefore,  it  appears 
that  these  states  play  an  important  part  not  only  in  the 
bonding  of  the  pure  elements  but  also  in  the  solid  and  gaseous 
compounds  of  these  elements.  It  is  beyond  the  scope  of  this 
paper  to  draw  further  conclusions  from  this  fact.  It  is  be¬ 
lieved  however  that  these  considerations  may  form  a  basis 
for  a  more  thourough  theoretical  treatment. 

THE  RATIO  OF  HEAT  OF  ATOMIZATION  OF  SOLID  AND  GASEOUS 

AB  COMPOUNDS 

It  has  been  mentionned  above  that  the  quantity 

a  =  AH°(at.Mj/D°(M  ),  which  appeared  to  be  important  para- 

°  2  (1) 
meter  for  the  classification  of  homonuclear  molecules 

has  a  parallel  for  the  heteronuclear  diatomic  AB  molecules 

in  the  quantity  a  =  AH°  (at .  AI3  J/D°  CAB ) .  Here  again  the  values 

of  a  fall  into  different  categories  (Table  II): 

1)  the  smallest  values  of  0.5<a<l  are  found  for  the 
molecules  where  A  and  B  are  a  group  IV  and  a  group  VI  or 
a  group  III  and  a  group  VII  elements.  These  molecules  are 
isosteric  with  group  V  homonuclear  molecules  and  the  values 
of  a  of  these  isosteric  molecules  show  a  close  relationship. 

2)  it  is  interesting  to  note  for  the  typically  ionic 
alkali  halides  a  =  0.76  is  practically  constant,  although 
some  trends  appear.  Qualitatively  this  is  easily  understood 
by  an  ionic  model;  accurate  calculations  could  of  course  be 
made  only  by  solving  the  well  known  difficulties  about  the 
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exact  shape  of  the  "repulsive"  interaction.  For  Ig  halides 

a  is  somewhat  larger  but  still  in  peneral  <1. 

Thus  the  molecules  isosteric  with  group  V  and  the 

ionic  molecules  are  definitely  "low  temperature  molecules". 

Most  other  AS  molecules  seem  to  have  value  of  a>l.  This  is 

the  case  for  the  halides  HgX  for  which  a  =  1.24;  1.53;  1.95 

and  3.94  is  found.  For  the  only  known  III_/V_  molecule  InSb 

3  B 

a  =  1.9  (for  the  isosteric  Snj  molecule:  a  =  1.5)  and  high 
values  of  a  are  the  reason  why  other  molecules  of  this  group 
as  well  as  II/VI  could  not  be  observed. 

3)  again  it  is  interesting  to  note  the  values  of  appro¬ 
ximately  1  or  more  for  the  transition  metal  oxides  with  a 
smooth  increase  from  TiO  and  NiO,  CuO  seems  to  bealow  tempe- 

(  8  ) 

rature  molecule.  However  the  dissociation  energy  is  uncertain 
For  the  two  known  transition  metal  sulfides,  the  a  values 
are  higher  than  those  of  the  corresponding  oxides. 

4)  an  increase  in  a  when  going  from  oxides  to  sulfides 
appears  also  for  the  11^  molecules  for  which  a>l  with  the 
exception  of  BaO. 

OUTLOOK 

The  use  of  the  definition  of  the  chemical  stability 
has  already  facilitated  the  search  for  certain  previously 
unknown  molecules.  In  numerous  cases  reasonably  satisfactory 
predictions  can  be  made  as  to  the  possibility  and  experimental 
conditions  in  which  such  molecules  may  be  found;  estimates 
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of  entropies  must  of  course  be  included.  The  temperature 
dependence  of  the  chemical  stability  can  be  foreseen  and 
as  has  been  shown  earlier  can  be  changed  systematically  if 
convenient  for  the  aimed  object 

These  considerations  can  also  be  easily  extended 
to  polyatomic  molecules.  Dimers  or  polymers  of  molecules 

(24) 

can  be  treated  in  a  similar  manner  to  dimers  of  elements 
The  main  point  in  all  these  cases  is  that  since 
the  highest  concentrations  of  gaseous  molecules  as  compared 
to  dissociation  products  are  observed  at  the  highest  pressures, 
the  chemical  stability  is  defined  in  the  saturated  vapor. 

At  a  given  temperature  therefore,  pressure  is  not  an  inde¬ 
pendent  variable  and  the  chemical  stability  is  given  by  a 
pressure  ratio. 

Finally,  the  interesting  parallelism  between  heats 
of  atomization  of  solids  and  dissociation  energies  of  gaseous 
molecules  as  expressed  by  the  a  values  are  valuable  in  using 
the  thermodynamic  equations  given  and  may  be  accessible  to 
fundamental  theoretical  considerations.  In  fact,  such  regu¬ 
larities  exist  also  for  polyatomic  molecules  and  for  polymers. 

.  .  .  .  (26) 

A  similarity  in  trend  was  observed  recently  between  the 

dissociation  energies  of  the  oxides  of  the  lanthanides  and 

the  vaporization  energies  of  the  corresponding  elements.  As 

for  the  transition  elements,  minima  were  observed  for  the 

half  filled  and  totally  filled  f  shell. 
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'The  equations  are  written  for  congruent  vaporization;  therefore 
in  (1)  p(B)  =  p(A) 

and  in  (3)  p(A)  =  2p(B  ) 


TABLE  II 

a  value  for  known  AB  molecules 


a  -  AHg  g  g  ( at  •  A.3  J /Dg  g  g  ( A3  )  * 


Molecules 

isoc 

teric 

with  Group  V 

2. 

Group 

I  and 
A 

I  halides 

B 

V/V 

IV/VI 

III/VII 

0.50 

CO 

0.50 

b  r 

0.51 

f 

Cl 

Br 

I 

Sio 

0.72 

A1F 

0.54 

0.70 

0.6  5 

Li 

0.74 

0.71 

0.74 

0.80 

3iS 

0.7  2 

La 

0.85 

0.76 

0.79 

0.85 

K 

0.74 

0.77 

0.78 

0.61 

0.77 

G  n  3 

0.7  4 

In.Cl 

0.64 

Rb 

0.71 

0.74 

0.72 

0.80 

'eTe 

0.75 

3a  or 

0.65 

Cs 

0.66 

0.75 

0.72 

0.82 

SnSe 

0.7  7 

SnO 

0  •  £  0 

Cu 

1.14 

0.61 

0.85 

- 

PbC 

0.65 

lnnr 

0.7  4 

An 

- 

0.69 

0.  66 

0.91 

Au 

- 

0.96 

- 

- 

0.67 

SnTe 

0.53 

In  I 

0.69 

PbS 

0.6  3 

TiCl 

0.70 

PbSe 

0.8  7 

TiBr 

0.75 

PbTe 

1.07 

TLI 

0.  82 

Bi?  1.1 


3.  Transition  elem 

ent 

4.  Group  IIA 

Oxides 

Sulfides 

Oxides 

\- 

Sulfides 

ScO 

BeO 

1.32 

BeS 

TiO 

0.94 

TiS 

1.04  1 

MgO 

1.42 

MgS 

>1.66 

VO 

0.9  5 

i  CaO 

1.36 

CaS 

1.54 

CrO 

SrO 

1.17 

SrS 

1.45 

MnO 

1.  19 

MnS 

1.41 

BaO 

0.95 

BaS 

1.19 

FeO  1.20 

CoO 

NiO  1.27 

CuO  0.85 


x 


AH^gglat.ABj  values  were  calculated  from  heats  of  formation  given 
by  Kubaschewski  and  Evans'5'  and  Freeman'^3'.  Heats  of  vaporization 
of  (Aj  were  taken  from  Part  i'1'.  Dissociation  energies  and  heats 
of  vaporization  of  Bg  halides  were  taken  from  Stull  and  Sinke^7'  . 
The  best  available  value  for  D°gg(AB)  were  selected  from  Gaydon'8' 
and  Herzberg ' ^ 8 ' .  Group  IV-group  VI  AB  molecules  have  been  reviewed 
by  Colin  and  Drowart '  ' . 
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AH[vap  A] 


IVJ 

l 


(F •!  [Co]  [Ni]  [Cu] 

I  I  II 


[G.l 

I 


a  *2  d^*2  d®s?  d®*2  d^s^d^s^d^l  d'Vf^p'  *2p2 

0  i _ i _ I _ i _ l _ i _ i _ i _ i _ i _ i _ i _ i 

rip. 2 


Chemical  Stability  of  Transition  Metal  Sulfides 


Fig. 3  Chemical  Stability  of  Transition  Metal  Selenides 
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Legend  to  fip.l,  2,  3  and  4. 

Fig.l  Chemical  Stability  of  Transition  Metal  Oxides 

AH298Ut.AOj=i{-AH298f  UO  J+AH298  ( vap.  AJ+|d| 98  (02  )  } 

An°ggf  values  were  all  taken  from  Kubaschewski  and 

Evans^\  except  that  of  (GeOj^°^;  D298  (02  )  =  119 . 10*0.05 

kcal/mole ^ 7 ^ ;  AHjggtvap.Aj  were  taken  from  Part 

D2gg(A°)  for  ScO,  MnO,  FeO,  CuO  and  GaO  are  those 

given  by  Gavdon(8>;  D298(CaO) (9 ) ;  D^98(TiO)  and  D398(VO)(10) 

D2o8(CrO)(11);  D2g8(iiiO) (12  }  ;  D2  gg  (GeO ) (  °  ) . 

F i g . 2  Chemical  Stability  of  Transition  Metal  Sulfides 

AlIjgslat.AoJ^i-Ar^gsflASj+Ar^gg^  vap.  A  J+^Ari^  g  8  ( vap.  S  2  J 

9  8^2^  ^ 

AH 2 9 g f  values  were  all  taken  from  Freeman ^ 13 ^ ,  except 
that  of  lGcSj(14);  AH °g & ( vap. S2 J = 30 . 8 1 1 . 5  kcal/mole ( 7 ) ; 

D29S(S2)  =  102-°t2-0  kcal/mole(13 ,1S  ,16>  ;  D°g8 ( CaS ) Q5 ) ; 

o  f  .  (17)_  o  (16)_  o  ,7  .,(15),  no  „(14) 

*^298  ^^  *  ^2 9 8  1  5  ^2  9  8  »  ^298  ^^^"^^ 

Fig. 3  Chemical  Stability  of  Transition  Metal  Selenides 

aH2  9  3  ^  at>  ASe  J  =■§•{  “A"298f  l A2e  J  +aH2g8(  vap.Aj  ^AH^g  8  (  vap.  Se2  J 

+  2D298  <Se2  ^ } 

Ail2g8f  values  we  re  all  taken  from  Kubaschewski  and  Evans^^ 
except  that  of  (GeSe^14^  ;  AH^gg ( vap.  Se J  =  34.1*1.5 
kcal/nole(7);  D^CSej)  =  75.4*2.0  kcal/mole ( 20> ; 
D298(ZnSe)(19);  D° g 8 (GeSe ) ( 14 ) . 
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Fig. 4  Chemical  Stability  of  Transition  Metal  Tellurides. 

Aii2 9 8  (  at«ATe  )  =-|{  -aH? g 8 f ( ATe  J +A H° 9 6 1  vap.AJ  +-jAli298(  vap.Te2  J 

+2D298(Te2> } 

AH°oc  values  were  all  taken  from  Kubaschewski  and 

AH29sl vaP» Te2  J z 

.  2*2.0  kcal/rnole 
(14) 


(5)  ,  .(14) 

Evans  except  that  or  (.GeTej  ; 

( 7  ) 

39.6*1.5  kcal/ir.ole  ;  D^9g(Te9)  =  52 

(0122)  ( 19 ) 

*  ;  D§q8(ZnTe)  ;  D$gg(CeTe) 
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